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(S7) Anirnpadancamoniiorindctovicattpr^^ 
"W'Htoring Che alactrical impedanca of ttoaoa a» il n 
traatad w«h electiDaurgical energy. Based on a predicted 
modal of tissue irrtpedance arid a minibar of Mttal im- 
padance reecfinga^.tha impedance at ^'ich tissue treat- 
ment « completed is pradictiK* Atore particuferV. a min- 
mum vnpectencia level is measured anda function of th^ 
minimum irrpadance is usM lodatafmhe i Tye da i tee at 



^ich mgiMioh is corriplatad. A control devtoe is pro- 
vided lor bringino the output of the generator withn an 
optfrhom range based on a aysterh load cunw. in one 
•mbbdtrrtarie the snpadartca monitonng dovca is used 
in oori|uriction witti a b^iatar elactmurgical instmment. 
Preferably; the instalment tomprises alectrically oppo- 
sita etectrodas located on orte or more ti»ue angagv>g 
Mrtaces for engaging tissue to be treated: 
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Ooscftption 

PI^M ef th« tnv»nf ten 

This invontion rotataa V> etectrosuf gtcal ticsuo treat- 
ment. WMi in particutBr. to a memod and apfxaratus tor 
controlling tr\« elactrosurgical Ueatmani of tis^u* by 
mea&ufmg impedance ot the ttsstM beir>g treated t>y an 
electrosurgical devica 

! 

Backoroimd of the Invtytton 

ElectroBurgical gonaraior* are used to daliver ther* 
apeutic elactrical anorgy to surgcal instrunentt. These 
tnstnjmentft are u»Od for example, tor ctitling, coaguta- 
tion. liecue wetding. abtatkm. and dbsectton. Both mo- 
nopolar artd bipolar ger>erator« lypicatty stjpply etectto- 
Burgicat energy m the radio trequency j[Rn range tosuch 
•nslcuments. Usuaily such generator* include contrott 
thai regulate the voltage and^ currertt so that a select 
power level is approximately delivered and a maximum 
power level is not axcaedad. 

W^en such RF goneratprs are used, the pnmary 
iDontipl is meexperiertca o(1^ who responds 

to what if obMf>^ to ba happening to t>e ti^^ 
treated wi*) RF energy. Often, paurticutany tor endo- 
scopic prpcedufies. surgeons cannot read»y sae what ts 
happenirYg tp the tissue! Also, the change in tissue prop- 
eitias due to the RF er>ergy may occi«r *o<)uick>y so as 
rwt to afford time for the surgeon to react soon enough 
to turn off electrical energy to the mtfumenc As a result, 
some problems which may occur indudft tissue charring, 
sticlong of tissue to the elaetrodas of toe surgical trvstni- 
ment, and ever or md9€ treatment of tissue. 

n has baen racogrUzad that tha tissue impedance 
changes as energy is ^)ptied to the tissue. Ansmpcs 
have been made to cxsmrol tlw power cielvvered to tha 
tissue as the tissue impedance changes. For example, 
currerit has been controlled based on the change in the 
voaageorttte power delivered by the generator totlssue 
The differarKtiat quotient of tissue impedance as FIF pow- 
er is appNed to the tissue has been used to delermirte 
an initial power level and to switch oft RF power when 
the dWerenttal quotient of impedance reaches a preset 
value. 

MotwRhstwiding tt>ese control arrar>gemento. there 
is a contiTMiing r>eed tor improvenneni in the control of 
electrosurgicat ertergy deliverance to the tissue andfor 
delerminalion of v^ien tissue treatment has reached an 
optimal lovel. 

In particutar there is a need to provide a device arKi 
' rTMthod for determining the erKfpomtol coagulation tor 
a variety or a range ol tissue impedance. ck>e to. e.g.. 
varying tissue composftton. xiBmoe types ar^ treated tis- 
sue areas aiKVor volumes. 

The prssant invention reiatas to a devica and mettt- 
od Of ths type descnbed in EP-A-0 640 31 7. 



SummafY of the Invention 

The present inventtort provides an innpedarKS morv 
itoring devica and/or metttod which monitors the imped- 

5 ance C3l tissue between poles of a therapeutic electrosur- 
gical irwtrtiment Based on a model cf expected tissue 
impedance benavior over tinne with the deHverance of 
etectrosurgical artergy/the monitored tissue impedance 
is used to determina tissua status. This will be described 

to in more detail baloiM. A signal Indicating stattMOt tissua 
IS pfovidod akhar toa tisarcr to art instfijmafH oontfolar. 
The devica may also induda a switch wNch automau- 
calV turns oft tha alactncal anargy nvhen treatment b 
complatad. 

IS In accordance with the prasent inventicxv a tissue 
impedance monitor is providsd which continuousV 
measures tissua impadafKa aa ele ctn c a l energy ia de- 
livered to tissua. Aoooidtog to Itnowii tissua impedance 
rnodels, tissue vipadarica inttially dtops as aleclrcal eri- 
M ergy is applied arKf than begins to risa again 8S coagu- 
lation occurs. Tha prasani invention provides tor estab- 
UOvng a v^lus for tha minimum impadaunce, ie.. when 
tha impec^^rK:a is at iu lowest valua as lfto>ar>argy is ap- 
plied. Theit. tha snpadanca>ralue antic^patM to prcvida 
2S the desira^ tissue affad is ctstarn^nad by calculaiing a 
selected function of tha a9tat>ti8had minimum imped- 
ance. When the rneasurad iriH>admarisea to the level 
of the •rr^>edme value for the desired result; kg., co- 
agulation, tissue weldngo^ a lavaf of cflathermy. tt>e in- 
30 stniment wi» indicala or provida a raspoftsa lor such 
evant. Tha prasant invention is preferably adapted so 
that the condition ie detected for a range of axpacted tis- 
sue impedances wNch varies according to tissue type, 
area andtor volum. 
^ In a prefarrad embo O imariUha desired tissue condi- 
tion is where ooagutetion is completed. When this point 
has been reached a feedtyack signal is provided to a con- 
trol un* or to tha user, at wNch time tha energy supply 
is switched on. Tha faadb^ signal may. for «campie. 
40 provide a visuat.audft>leortactile signal to a user, and^or 
mayprovids instnjctionstoacontrolurattoautomaticaSy 
turn off energy suppOed to the tissue. 

Optior^Hy. the device may also include a switch, 
adapted to turn off electrical energy w«)on a shon circuit 
^ ccr«jition is detected, when an open circuit concfitfon is 
detected or when the devica is on, i.e.. supplying currant 
or voltage tor a preset maxsnum amount of time. 

In accordwice wfth one aspect of the present inven- 
tion, an electrosufgical apparatus for coagulating tissue 
50 durvtg a surgical procedure comprises en end eOedor 
with opposing mtertttsng surfaces which may bs cloeed 
towards each oltw to ertg^ tissue to be electrosurg»- 
caXy treated. Preferably the end effector includes first 
and secorKf e l er r ^en U movable relative to one another 
ss tor engaging tissue to be coagulated therebetween At 
least one of the elactiicat poles of the instrument is com- 
pfieed ot an electrode asaoctatod wim at least one ol the 
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wwih ihe lts*ud to b« coeguJated. A powor coaifoltor re- 
sponsivo lo a power ccntiol signal providea BF energy 
lo the t«»u9 coniaa»>9 o»eclrode<s) ol the first andtof 
second elements. 

Irrpodbnce measuring ctrcuitiy \s coupled to the 
generator outpU and mecisures the impedanca of the tis- 
sue between electrodes corresponding to the twst and 
secorid polee. FaadbacH circuitry is coupled to the im- 
pedance measuring circuitry. The feecft>ack circuhry in- 
cludes a first device lor determriing a minimum imped- 
ence value wmI rK>lding sa^J rmrumum impedance value. 
A seccnd device protrktos a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cut dstetinines a threshold irnpedance value as a lunc- 
ticn of Ihe held irniriimum impedarxce yahie. 

the mreohold determining drcuil may comprise an 
anelog device to* determining the fcmcticyi of rwnirmjm 
■ jmpedence or, a digital circuil inchiding. tor exampto. a 
look up taWe for determining the threshold iff^>edance 
value based on an input minimurn impedance vakie. 

After a threfhok* valya has been determined, a t»rsi 
conrparatqr compares the rneasured impedance value 
lo threslibkJ impodar>co vahie arwJ generates a power 
controT si9^ to me poM^er controller to control the RF 
energy deSyered lo the tissue upon. the condition ol.ihe 
meesureditfiipedance value exceeding the threshoW im- 
pedarKO^ue. 

A power controtlermay indude^t least one eledrfcal,- 
swrkch tor eelecli^ely supplying RF energy to the insin*- 
meril to coaguiiMe ttscue poeilnrted between the first a^ 
second eleme n ts. 

The power contioVer may seledn^ switch off the . 
power supplied to tfie tissue und^ a number of condi- 
tions. The controller mf^y be used to switeh ort power 
when the measured impedance value exceeds the 
threshoW irT^>ectowe vakje. when an open circuil condi- 
tion or a short circuit conditksn ejoste. or if voltage end 
current is supplted for a perkxJ of lime exceeding a max- 
imum. 

Another aspect ol the present invention pfo^rtdes a 
cortcrol device for bringing the eriergy output of the gerv 
erator within art optimal range delermriedLby a system 
k>ad curve. The control device uses measured toad im- 
pedance to determine the desired energy 1^ output 
and conr^are* the desired energy output lo me actual 
energy delivered to a target inchjdir>g tissue. The control 
device takes the resuttv>g comparison and controls me 
gef>er8tor output accordmgly. 

or amultipolar deytoe «ctoding two or more than two 
poles, me end effector preferably includes two eiectricel- 
»y opposite eleetrodes corresponding to two eledrk^ally 
opposite poles. 

In the pr^orred bipolar ciovica. eMncally opposite 
electiodes of each of the potes are kx:aled on one or 
bom of the oppostfig surfaces. Each of the first and sec- 
orxl electncatty opposite potes comprises at teast or»e tis- 
sue conteclino electrex**. TH» •lediocto* ar© mrrmnom^i 



on me distal end of the electfosurgical devica so that 
when me first and secorKl elements ctose together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

5 tf^ circuil rrtoinkors the iriipedarice of ttie tissue between 
me electrodes during the de&rery of RF energy mrouQ^ 
thai tissue. As described above a minimum impedance 
is measured from which threshokl impedance is calcu- 
lated. A oorr^rator corriparek the rr>easur«<l feinpedar^ 

to values to the determined threshold impedance value aruS 
generates a coriirof signsi to switch oH ths> RF power de- 
Ivered to the tissoe."upon the corkfiticn of measured im- 
pecttnce value exceedkig me mreshoto impedance val- 
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In one preferred ernbodirneni each of me electrodes 
ccMtespondihg to the first pole are ois« wim respect to 
me imedacvig surface from each of the electrodes cor- 
fftt^pondir>g to tha secdr)d pole. In omer wolds, the elec- 
trodes are ofteet from each omer so that they are no« 
diameto^aVy dippoised frarn each other on interfacing 
surfaces or may are separaied and insulated from each 
other on Ihe same surface; 

In the preferred ernbddtfneW the eiectrow in- 
strument cOTpressei tissue in a ccvrtpfession zone be- 
tweeri the first interfacing surf ace and the seoc^ inter- 
facing surface «id appfais electrical cr>ergy through the 
compresskan zone. More preferabiy. me obmpresston 
2or» is art area dofiriad by a cornpresskxt rklflpa 
of the tftterfactng surfaces which coripres^ tissue 
against the other interfackig suffacei Altem^tlveiy or in 
additiori. there may t>e a oompresson ridge on bom in- 
tiMacsng surfaces. 

bne 'e^bodirnen* includes a cutting el^^ 
cialed wim an end eff ectot The <ajtling e ar- 
ranged too cut tissue at or riear ma coagtrf^itipn site. Pref- 
of^iy, me cxsagutelnn is ooniipleied pribr to any me- 
cl^rwcal or other ciming at or around thi coagulation 
ske. Once tissue is co^guteledor cauSeiuedl Ifie cutting 
ekkmerH may be used lb art through the coa^^ifeted tis- 
sue or between two zones 61 tissue coaguMlon. 

Iri another ernbo<«rherit me hernostalic device is in- 
corporated into a linear cutter similar to a lineaf cuttkvg 
mochamcal Kapler. In th^ embodknertt me hernostaik; 
devk:e composes two sutwtantiaiy fMfaBel and etongat- 
ed electrode bara which are as so ci a t ed wim or»e pole, 
»id a slol kx cuit^g rneahs to tras^ between the bam. 
Optionally or>e of more rows of staples rrtay prwkJe on 
each stoe of me skM an6 bars to piovkis adiMortal he- 
mosiasis. 

In operatkwi^ tissue is clamped between two )a^^ 

frequency Cf^) anergy is suppfted to me compressed 
tissue to coisgulate or c»iteri2e t>lbod vessels along the 
TWO substanliaSy peresel bars. Based on the irhpedance 

modeing of the devkte wlih thia epedfte electrode con- 
figurabon. an appropriate lunctton of me mk*ni»n wn- 
pectence is mcoiporated «to the impedance feect>ack 
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t*vol A wamino mw;han>sm is used to warn m« user 
the impotence » out oT fange or ©xcewJs iho 
threshold impodanco tovol. Also tho warning eignal may 
be dir ected to a control circok or power conuoHer adapt- 
ed to men pfo^r»de an appropnaie nstnimenl response, 
includino where approprwAe to turn crft the BF energy de- 

irs^eredtothetisftue. 

In accofdance with anodher aspect oflhe present in- 

verrtion a method of operatinfl apparatus for electrosur- 
gicatty ueatmg tissue dormg surg^ proceAjre »s pro- 
vided. Accordf>oV. a preferred mef>od comprises tfte 
steps of: appVw>g «F enerw tp.t*»»*» ^ be etedrosur- 
gi^ny treated by means of an electroeurgical irwtru- 
ment; measuring the impedance of the tissue between 
eletlrodes corresponding to two pciee of the electrosur* 
gicat instrument: generating me impedance signal rep- 
resentatve of the irripcdance pf the tissue; and control- 
ling the RF energy «PP»»«J to the fliecifosufgical instru- 
ment in response io the impedence signal 
The stip of coftttolBng i»e RF e^^ 
etactrosurgical instnjmani may comprise the steps c<: 
delennining and hoWing iwnimiff^ rnpedance value: de- 
tem>K>ng a threshpW impedfcw^ 
tioh of the mwirnum impedance vahje; comparing meas- 
ured i^npectonce values io the threshold «ipedance val- 
ue: arij generating a control signal to control or switch 
off th^ power ol the controller upon the condition of 
rn«sured irrpedance valueexcoeding the mfesfriold ^ 

podahce value. 

In accofdance wilh yet another aspect ol the present 

invention, a rnelhod of operating an electrosurg^ 
paratus lor coagulatng tissMt during surgical procecfcjre 
corr^es the steps of: proyk«p»9 an etectrosurgical in- 
•injriiert having en end eftector comi^^ 
seiind tissue engaginflsiir^^ 
and second tbsiie engaging surfaces inchidS^ 



10 



IS 



Brtef Descf^pilon of Prawrtnos 

Rg. I is a side view of a bipolar erxloscopic electro- 
surreal irtstnimeni operable in accordance w«h the 
present invenbdn; 

Fig. 2 is a partial cross-eeciional view of the distal 
end the mstrumsn! ol Fig. 1 in an open position: 

Rg. 3 is a partial cross-sectional viiSW ol the distal 
end of the instrument in Fig. 1 in a cbsed. untired 

position: 

Fig. 4 is a partial cross esctioruit view of the <Sstal 
•nd of the mtrtimenl in a doised. fired position; 

Fig. 5 Is a tiorit cross eectiorial view d the chstal end 
of the instalment of Fig. 1 along the leie 5-5: 

20 riQS. 6-9 represem a sc*>emirtic Wdc^ 

micfo0roc^ssor coritidftod impedance monitoring 
apparatus tor cofiioling the RPi^ 
♦l^fOewgical instnirnsf* ol Figure^^^ 

2S Fig. 10 is a schematic blbck dMSg^wn.^ an analog 
e^nbodlrhent of the controller ft* use in the ^>para- 
lusof Figure 1; 

Fig; 11 Is a logic dia^aim of the conirolif oft^ig- 10 
yo aiuslratii^controriD^fOirRFb^^ 

Fig. 12 is a characteristic cunre Itbstrating the 
change in irnpedance ovit tifne dtoring^^ 
ol electroeur^cai energy iotiseue using th* electro- 
35 surgical instntfneni «uetritt«»d in Figure 1 . 



and second tosue engagmg sunaces ^^^--w " ' ^ . ^ r^^^l«^tte« ^ the Iriv^tlen 
a tiesue corrtacting •l*ci«de. essocieted wiei a fir- pde f»t»H>d tWr>p?km ei the mveniton 



of an electrbeurgM •y«*«« arVdat leaet one <rf said first 
^secondtissue engagihg surfaces containing thereon 
a second tissue contaciirig electrode associated wi*i a 
»^»nd pole of the systeni; engaging tissue to 
ulated between the first and secdnd 6seue ehgegirtg sur- 
feces: selectively controlling RF ertergy suppfied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween: measuring the m- 
pddance of the treacled tiesue: determining and hoidir>g 
a rrmimum inY>edance value: determining a threshold 
impedance velue based on a function ol the mnvnum 
ifrpedance value: comparvig measured impedance val- 
ues to tf>e thresfiold impedence value; and conlrolSng or 
•Wflching off the FtF erierg/ connected to the first er*d 
sMbnd etoctrodes upon the condition o« il>e measured 
impedance value exceeding the threshold impedance 
value. ' 

Other objects and advantages d the invention wtl 
apparent from tt*e foio^Mng descnpOon. the aceomparv- 
ir>Q drawirtge btkJ the toiowirig claims 



WNie the present invention ia geneially applicable 
4o loavanetyolelectrosurgicalinstiiihieiile 
tar »>d rmm^Kilar, arid bbdi 

ic, it wii be Sescftoed heren with refersnce to a bipolar 
linear ^^u^ instrurnenl. 

The prrnaiy purpose di th«'irhpedance rrion*oring 
45 device * to deteirnirie When the tiesue h^^^ 
toadwiraddegree. PrirferablylWs tif^^ 
od when ttw ti»ue has been cauterized and before eat- 
cessive tissue slicking, burning or charririg occurs. Ihe 
inp^dance ol ttssue as it is being healed wilh electro- 
de ^tMgk:tAm>^9*nm^1faio^ 

«^,p«tence a^nre. According to M irripedencls cun^. 
Qorveral^ the vnpedarice will decHiase, emve at a mini- 
mum value, and then rise as coagiAifcn eridiissue ciee- 

iccation occure. At an imip>edanca or wihin a range of 
ss »f^>edances on a characterislic cunre. coagiMation win 

predictiMy occur 

Figure 12 is a characteristic impedance a«ve ilhw- 
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tho applicatm ot electrosurgcat energy using the elec- 
troeurgical instrument tllu5tratecl in Figs. 1-5. The 
present invention determinee a threshotd irrpedance on 
the curve at v«hich coagulation has occurred Z(«^ 46, 
This impedance ts based on the value ol the lowest irr^- 
pedance on the cutve. 4S. I e.. i(Mhen the impedance 
has etopped tailing and begins to nse. A function the 
mirurmim impedance r(Z^) b used to appioximateiy 
predKl a poim at «4>ich coagulation occurs. Z^.,,^ 46. 

Referring now to Fig. 10 IhAre is ittusuated a sche- 
matic bbck diagram of en arwiog embodiment of the wn- 
pedanos rrunitonng device ol the presertt invention. The 
impedance monitoring device determines coagu- 
latior) IS corinplete. as wel as other irtst/umeni pafwne* 
ters, for example, H there is en open circuit, shod ctfcuit 
or if voltage anef current is supplied lo the tissue for more 
than a predetermined maorimum amount of lime. Such 
conditions may indicate a problem with the irtstrument 
arx^ tissue engaged by. the irYStrurrtent. For example, 
if excessive; not enough, or ^appropriate tissue is eo- 
gaged byihe instruiTMMit; 

the instrument 10 is positioned to engage tissue to 
be treated. Therv v^en appropriately )>osaior>ed.,RF en- 
ergy IS supplied to the tissue. 

A gerverator 70 supplies RF ervergy lo the tissue erv 
gaged by the end effector. 15 of the irvstfument 10. Pref- 
erably, 30 to 200 volts RMS al a f urxlamentai f requerKy. 
preferably of a sintisokJai. waveform^ata IrequerKy erf 
about 300 Khz to 3 Mhz IS supplied with a current of about 
0. 1 to 4.0 anrips. The generator. 70 is turned on by a user 
operated switch.42.. The umt. operated swftch 42 pro- 
vides a signal lb the ooniroBer 79 to turn on tfte- energy. 
The ou^ 129 ol the corrtrolier is coupled to an ar^alog 
sw«ch 1 30. yi/hen output 1 29 pipyides an on* signal 
to the switch. 1 30. an oacttotor 72, coupled to an artalog 
muttipber 75 through the awftph 1 30. supples a voltage 
of e known frequency to tt\e anelog muKiplier 75. T>>e 
ou^Hit of the afwiog multiplier 75 is couptod to a driver 
76 whidri n coupled to the input of an RF ampliier 71 . 
An amplified signal ie supplied by Jhe generator 70 
to a circuH 80 which indudes.ma first eiedrode 39 artd 
second electrode (anvi 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current^ and voltage dettvered to the tissue is 
measured ar>d an RMS currer^t Hrms*> ^ 
age (*Vmi$*) « determined. 

A voltage and current sensor 61 senses the current 
arid voRage de^red lo the tissue. The voltage and cur- 
rent sensor 81 irSciudes a low impedance current trans- ^ 
fonrrier 62 in series wrth the geneialar 70: and a high* 
irripeaance voltage trarMformer 83 corvMCted in parattel 
acrose me ganerator 70. PreferabV the current trar»- 
former 62 has. for .example, a i:20 windirtg ratio and a 
SO ohm resistor in parallel with the secorMtary of the 
imruiqmier. preferably the vottage traristofmer 63 has. 
tor exarTv>le. a 20:1 winding ratio and a 1K ohm resistor 
in paraAel with the secondary ot the trar^stormer. 

The output of the current transformer 82 ts couoled 



to an RMS converter 64. The RMS converter 64 converts 
the sensed current to a DC sigruil to provide output 66. 
representative of Imyis. The output of the voltage trans- 
. former 63 b coupled to an RMS converter 65. The RMS 
5 convener 65 converts the voltage sigrtal into an DC sig- 
nal end provide output 67, representative of Vj^^. 

The measured impedance. Z. is than calculated 
from the measured tnu% ^ Vn^s. The otnputs 67. 65 
of Vrus fi'^ IftMS supplied to an analog cSvider 88 
TO which divides the Vrms ^ currenMfgyis to provide 
an output signal 89 representative of tho rneasured im- 
. pedarKe. Z. 

From ttw Im45. arMi measured impedanco. Z. 
. the irTY>edar)ce rrxyutoring dovic« determines whether a 
7^ ehorl drcuit or open circuit oortdttipn exists, whether volt- 
age and current has l>een delivefBd for an amount of time 
exceeding a predeterrnvted maximum, and whether co- 
agulation ts cqmplele. 

A short circuit co rK fiti on is determined by .comparir^g 
20, the measured impedance. Z. to. a predetermined short 
circuit vnpedance threshold at or below which short cir- 
cuh is likely to exist ("Z^c*)- N Ihe measured;Z is at cr 
below the Zq^, a short circuit signal is provided to the 
cor>troHer. 

. The impedance sigrtal 69 Is ir^put to a sr>ort ctrcuil 
detector 90 comprised of a comparator; The poeklve irv 
put 92 of the comparator IS connected to a polerniorT>eter 
93 which . seU the threshold impedance, Z^.:When the 
impedance,€»flr^ 89 causes Ihe input -at the f>eoative 

30 irtput94cfthecompaislor91 tobelowerthartthalalihe 
pofsitive input 92. art *on* condition occurs at t>e output 
,95 of the comparator 91 : This cood itto n is cothmuni ca ted 
toalogiccontroier 79 which provides a preprogi a m med 
instrument response, which, in thie embodinMrtt, irt- 

J5 etudes tuming off RF er>ergy. 

An open cscuft oontStion exists if there is a voltage 
between me electrodes 16. 39. and no current An open 
circull is detemwMd as follows: If the V^us ^ 
predeierminedminirruffn threshold indicsrting a voRage. 

*o Vf^,,.mlthel||»0isbelowapredeterininedrriinirmi^ 
currertt threshold irKiicafting a current Then an 

open chctiH signal is provided to a corriroOer: 

A current mreshold detector 106 Includes a potenth 
ometer 107 coupled to the negative input 106. The po- 

^5 tenticmeter 107 sets the lm#Mii ^ * 
rent is present, the current detector 106 wiD irdiiBata as 
such. The I signal 66 is connected to the positive in* 
put I09of theoomparatbr 106. Thus, wtienthe lf|M» 
greater than the value. l«Mwh* set by me potentiometer 

so 107. a positive voltage appears at the output 110 ol the 
current threshold detector 106. 

SvTOlady. a voltage Sweeholcl detector 113 includes 
a potentiometer 114 connected to therM^tive input 11 5. 
The potentiometer 114 sets the voRage threshold el 

S5 which the threshold detector 11 3 rogiders a poeitir* out* 
put. VeiTMto ^fvhen a minimum vo&age is present The 
VrtMS signal is input to the positive input 116 erf Ihe 

t^lrechold c*a««clor lt3 T^w. H tK« Mp^^ mi tr mm ii m e^ 
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VfkrMh by the potentiofneier 114. a positive vottaga 
Witt ap>paar at the output 11 7 of the voltage threshold de- 
tector 113. 

Th» output 117 ol the voltage threshotd detector 1 1 3 
i» el5o coupled to an AND gate 111 arxf the output 1 10 
ot the current threehotd detector 106 is coupled to an m- 
vened input 11 2 of the AND gate 11 1 . The AND gate ill 
acts as an open circuit detector. When the V^^s Axceeds 
the and where the 1^143 does not exceed i^^r 

a logic 1 Witt appear at the output 120 ot the AND gate 
111 indcating an open circuit. The output 1 20 d the AND 
gale ill t$ coupled to the controller 79 to communicate 
tne open arcuit status. 

II currerx or voltage is suppted an extended period 
of time and a coagulation complete conditlion has not 
t>een detected, it may indicate, for exampta. thai the in- 
strument IS not clamped on tissue or that a malfunction 
nas occurred, tf the is above me predetermirved 

VtHrvah or the I^Ms is above tthmah- 8 ** turr^ed 
on. It the lirner is on for a period of time greater than a 
predetermir>ed maximum amount o( time. men a 
tvne over sigruil is provided to the controOer. If the dura- 
, lion of the t»ner on is net greater than then Vie de- 
vce continues 10 supply Rf^ current to the tissue and con- 
tvujes u> measure current voftage and impedartce. etc. 
as described atxive. 

The output 1 10 of the current threshold deteaor 1O6 
IS coupled to an OR gate 1 is which is coupled to a tirrwr 

1 21 . If the ty,Mia fxceeds the the output 11 0 of the 
. current threshold detector 1(» wiH preisent a logic 1 to 

the OH gate 11 8 which win then turn on ttw timer 1 21 . 

Simitarly the output 117 oTthe voltage ihreshold de- 
tector 11 3 is coupled 10 the OR gate Vie. ffthe Vtf^^is 
exceeoed by Vm^. the OR gate^ll 8 will present a logc 
1 atitsoutpu 11 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupledio the controller 79. When 
the timer 121 has t>een activated for an amount of time 
that exceeds a preset threshold lime, T^. the output 
123 wiN be a logic 1. The ttivter is reset wnttt ttte user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. w^en the instrumertt 10 is reset 

A coagulation complete cor)dition is determined as 
folows; First, 7 , ^;^ is determined. Then, a target xnpsd- 
artce at whch coagulation is complete. Z,»«^ a calcu- 
lated as a luKtioo of the minimum impedance. Tha initial 
impedance. Z^y,, »*op« of the impedance cunre, 

artd time to complete rr^ vary lor a given application 
andtor irtflirument. but tervS to correlate to a function of 
mirwnum innpedance. Oependir>g on the instrument used 
and^ tha^ actual desved result the actual function of 
mwwnum xnpedance may vary. In this particular embod- 
iment ffZ^i^) is Knoar: H2^^ = 0.2Z ♦ 600 This tunctioo 
IS bouTMJ. i.e.. where Z„m ^ ^ dhm, tt>en Z.^, is 
2^ + 50 ohma. f(Z^) rray t>e a dtftereni function. It 
may Oe coniinuoua* non-coninuous. linear, rwn-linear, a 
piecewise approoomatiort anOfot in the form of a look-up 
table. f(Zniin) may also be bourvJ at dmorarti values 

Tha impedartce sior>al B9 is used to deiemiina bssue 



coagulation as foKows: First, a determination is rT>ade 
whether the measured Z is a minimum impedance. Z^^^. 
The vnpedance sigr^l 89 is inverted arMJ offset by a gain 
onset mverter 96. The output of the gain offset inverter 
s 96 is in turn is coupled to a peaic deteoor 97. The output 
102 of ihe gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z^k). Z„,^ will rK>w 
be the hi^>est offset value of (-Z -i- k) er^countered. 
The peak detector 97 thus detects arKf hokis 
10 highest value of the inverted arKf offset measured imped- 
ance. Z which is When has occurred, the out- 
put 103 of the peakdetector 97 b representative of (-2^ 
* i-k) RF energy isoonlirHiadtobe appbsdiothetiBetie 
arkf tfte rnoriiloririg for shbri cHcuit. open ciri^ a^ 
95 over as wen as looking for a ^^continoes until a 2 is 
equal to Z,^,. 

When the Z^ has been datermtned^furiction of the 
2,*^(l(Z^)iscalculaledtppfovk*eairnpodance. Z^. 
at which treatment (coagulatioo) b cbrhpksted. The 
20 output 1 03 of the peak detector 97 is coupled 10 a thresh- 
okj determining ciicuit 98 v4>k:h caknitates the functon 
ol Z„^ to determine lh* ^^im^t The output 99: of the 
threshoki deierrriifting drcut Is representative 
when the measured impedance b equal tbZ^. 
25 A continuous compartedh is made t>etiiMeen Z arKi f 
(Z^iJ. It shouW t>e noted here that t(Z^ is corttinuously 
calculated as 1(2) unti a detec$4kt:T^ compari- 
son is continubtisV made between Z and tC^ uriftl Z^ 
is cfetermined. This does not have a sightlicM oonaa- 
^' querv». however. beieaUM it a anttdpMed^tt^ 

be larger than Zduring tissue treatment and a premature 
coagutaticnconplata signal merelo^wi* not 

IfmeaiMJredZ b less than or equal to the Zt,|^ Ih^n 
RF ehergy is continued to be supptod and de* 
3S ftcrib^<tovearecarriedoutuntitaaignalhMbeenpr(^ 
videdtothecohtroiertKattheie ban opericircMil si^ 
short icacuit signal, a time over slgriat. pr a coaguiBte 
complete sigruit. If the measured Z b greater than or b 
eaualto*Z|.;^i*thenasignalbprovided to the controller 
4o thai coagulation has been comf>leted. Again il b notod 
that in thb ennbodiment. Z has t>een inverted aiKl shifted 
in order toaccomrnodateZ^ determination via the peak 
detector 97. The impedme values raferred to in thia 
paragraph are the actual impedance values 
4* The output 99, Z„^ of the threshokJ determining 
circuit 98 b coupledio the positive input 101 c< a com- 
pariator OP amp 100. The output 102 Of the gain offset 
invertiar 96 b coupled to the negative iriput id* ol the 
compmMr 100; The comparakir 100 conipares tf»e -Z 
50 > k representative vakie vi4>k:h b input k> the ne^tive 
viput I04of the comparator ^CO^ \o1^^e2^^^ t9^99^t- 
atfve value which b cakrulated as a function ot -2^^ > k. 
If -Z -f k ia leas ihm% or equal to the Z,.,^ the comparator 
output 106 WiH be poeittve. That b. if the meaaured Z b 
ss greater tftan »f7^^>. a coagutatk)n complete signal wilt 
appear at the output 105 of the comparator 100. 

A signal b fMOvk)edtoa controller tor each conditcn 
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th« extstenca ol orm or more of these coocWioos the RF 
energy is auiomatice|ly turned ott by the contrcxMr Fig. 
11 HVsuates the sycjem logic of the controtter 79 The 
contrtiler 79 includes a short crcurt input 124. a coagu- 
lation complete input .125. an open cwcuit input 126 arKl 
a t»ne out input I27..a« weM as a reset input 129. The 
controler 79 also includes a HF corrtral output 1 29 which 
switches on afMVor oft the RF generator delivery ol oloc- 
trosurgical ertergy to the tissue. As long as the output 
129 is a logic J. the RF.is on. The output 129 is a logic 
1 when coagulata complele 12S. time out 127. short ctr- 
cuk 124. the open crcuH 126 and the reset input 126. 
are all at a logic *0*. It any one or rnora of the Inputs 124. 
125. 126. 127; 126 are at a log«;V the RF control output 
. l29is.alogic ^)*arui the. RFts turned off. 

A preferred embodvnent provides a control devK:e 
which controls the. generator energy outpU based on 
load impedance. The load.snpedance ts used lo deter- 
. mine a preferred er>ergy, level, e.g.. voliage. current or 
power level, based oh a specjf< sy8im l^^ 
ger>erator. vtstrumeht and/or application. The oorYtrol de* 
vice then compares the actual erwrgy level for the meas- 
ured impedarica with the desired ene>f gy level and ad- 
jusu me gerieratoroutpuraocordiriglpi^ ber 
tween the two, i.e.. pr«>ferably to mihtmiie the differertce 
between me two. 

The specific load! ourye pr!(ile^^k>lyaenects the. voji-:.: , 
ege. curreru. power. for^a /apgeiOf^.irnpe^^ wiH 
optinruze pertprmarKe^ of the instrument; The load curve 
may have various^ forms, ipr, exarrvple. it may be contin- 
uous or may be steppetd. .TM toad ^n^e may vary f ream 
generator to gerMrflrtorJlor a'pa^ ir%strunr>enit in use 
with the 9si>erator. or for a particular electrosurgical ap- 
plication of me generator . For. eumple, in a one emtxxi- 
vnent usirig an .instrun'^erit. such.M descrtoe^ herain. 
three impecterwa ranges have been iderttified at which 
diflef*nl •n^rgy roquiramontft exist InitiaOy tissu« im- 
pector«ce is in a tower rartge. a^g.. approumalely 20 to 
too ohms. In the lower raoges, mpre current is required 
to provide ertough power to iri^iate.tissue coagulation. A 
second, mid-range of. impedances, e.g.. appraodmateiy 
1 00 to 500 ohms, requires enough power to rrteimatn me. 
coagulation process. A third range of higher mpe da nces 
typically occurrirtg tc^vairds cornpletion of coagulation, 
e.g.. apprcarimatofy 500 ohms arid.abave. requires the 
volte ge be tiriMted to prevent sparfcing arKl tissue sticklr^. 
Thus the system, load curve in mis emt>odiment would 
reflect bom the tnrtereni characteristics of ttte gerteraior 
»«d voftage outpm a^w^ich optirnum power «s delhrerad 
for a particutar vnpedance. as welt as the specific power 
requirements for a predetermirwd instrument and appli- 
cation. 

Referrirtg to Fig. 10. a generator wim a servo loop 
control device. «i iflustratadL Tb« impodance sigr^ 69 
artd me voftage Vrms fi«gnal B7 are led back to me gerv 
erator 70 throufl^ a control device which comprises a 
function fitting deviire 61 and an error amptiTier 62. The 
control device caus— m» oanmrmtai 70 to oroduco von- 



ages within a desired range based on a toad impedance 
fit to a specir»c toad curve. 

The impedance 69 is led to a function fitting device 
61. The output 64 of me function ttning device 61 repre- 

5 sents a desred voltage based on the ir^i impedarm 
69. Thb desired voOage f unctm is me vohage required 
for the. gertemtor 70 to produce a paiUcutar. pra-deler- 
mir>ed toad cunre. Desired voltage output 64 along wim 
actual voftage ts fed into an error amplifiar 62. The output 

'0 65of the error amplifief 62 rapreaents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77. 

Attemotveiy. current, power or mnott^ er>ergy pa- 
rameter may be ueed to control the output of the energy 
source or generator 70. A signal conesporksing to im- 
padflvice ol the target is nput into the function fittirtg da- 
vce which provides a desired currents power or omer en- 
ergy paramker output, which is men compared to the 
measured or calcutated current , power or other ertergy 

70 : parameter. - . 

The diode 77 ensures first quadrant operation of the 
analog mtiftiplier. 7& TTw anatog rnuR^tter 75 f urtctiorts 
as en amplityde modutator of osciBator 72 such mat large ■ 

. . error voltagsa at output 65 rasut. in targe outputs from - 

2S RF. ampHfiier 71- And smal error voltages of output 65 
re^ in smaller W= output from RF amplifier 7 1 . Thus, 
gerieraior 70 acts as a ctosed-loop servo system based 

. . on; voltage such that a desired load curve is obtained. 
The toop compensation device. 63 acts to ctabHIza ther 

M servoioop. If M etoctricat pararneter other man vofta^ 
is ueedL the form fining function prsfTeiably outpuu a sig- 
rial re^scling the difference n me alterriat^ er>ergy pa- 
rarnster. 

Relanring now to Figiwes 6-9 a ftow Chan iiustralea 

3S a memod for carrying out a microprocessor con t ro ll ed 
ertkko^menl of the present invention. When the system 
IS turnad on (block 200). the varial>les inducitng 
V^^,^;Ig,^. tirne over, and 2i,M^ are frtitialized (block 
201). The system contvaies to look tor the activation ol 

40 ma RF switch (bloctc 202). When the RF switch is turned 
oa the interrupts are set lor RF Switch (block 203). tor 
Short CircuM (btock 204), and Open Circuit (block 205) 
so that when one of mese interrupt conditlorts occur, the 
microprocessor automattoally goes to ttie instrucM>6 

4S associated wim block 234. 

. Alter the imerrupis ere eel. me timer is started (totock 
206). A sequence is run to check the RF amplifier hea«h 
(btock 207). e.g.; to took tor an Amptifier On signal or to 
check If certav) voiages are in a suitable range. It the 

so amplifier is operating ptoperfy. RF energy is turrved on 
(t>tocks 208 artd 209). 

. It lite WTY>lifier tsnot operating correctly. ^ ^ 
request ie made (btocks 209 wid 210) and a Hardware 
Faikire Alert flag is set (btock 211 ). The system tooks for 

ss a hardware faitora flag (btock 233). When the hardware 
taiure is detected, the controller provides a hardware 
fadure atert indicalton ml shuts off: (btocks 243 end 

2^1 
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If haraw*«ro taMure ts not »>dicaiod (block 233), Ihftn 
VfiM »m« « CWock 235) to d«l©imin« d arvy voli- 
age or curreni is betng aupplied by th© system (block 
236). Wh«n th« syslam is firsi io(liftliz*d;until the instruc- 
tion to turn on energy in block 209 is reached, there 
shouU be no current or voMge. M there is a vottage or 
currerH with the BF request off. then there is a hardware 
lailure. A harctware laiiure alert is indicali»d and the pro- 
gram IS topped ( btocks 24^ and 244) 

It RF energy Is turned on (bkxk 209). then the 
and are read and the impedance. Z. is ca»co»a«ed by 
dtvic^ the by the 1^. (bteck 212), The controller 
checks k> see if the V.^^,. and 1^^ ftags are set. 
(bkxdc 21 3). These flags are set when a nfwwrhum thresh- 
old voltage is pres^ arKi a mininMim ttweshold currem 

is delivered through the etecuodes of the device, (btocks 
214. 215. 216. and 217); 

If the V^.^ and 1^^,. flags are sM (21 :^ the soft- 
^ ware kx>ks tor a tffT>e over cor>dition to determine if the 
device has been on for a penod of time in eiKcess ctf a 
^^maximum. If a lime over coridition is recognized, the tsn- 
> er flag « set. RF energy is turned oil (blocks 218 and 
ZtQy and a hardware failure check is run <bk)ck 233). 
After looking for a time over corklrtion. the controller 

checkeifor a short circuit or open ciicuil condition. II a 
short or open circuit exista. the corresporwJing shon cir* 
taiil or opon circuit bit is set (bkjck 220), RF energy is 
lumed off (block 221). and a hardware laikife check is 
njn (block 233). 

\ Tl^e controller checks again for V««i^ and t^^^^tn 
bkxfc 222. before procaedbig to the thrashokS determin- 
ing portkxi of the circuit Uhistratod in Fig. 0: If the voltage 
or current did not exceed or in btocks 214 

arKt 216. the controller iterates the sequence beginning 
at block 212 lor detecting time over, short drcoli, open 
circwt i.e., the coagulation corriplbte detedlton enable 
This er^abies the device to wait until enough current arid 
vonaga is deftvered to the circuit to check tor the coagu- 
lation complete condition. 

r "<tthe v,„^fa and Hags are set. the short ctrcuii 
andopsnoircult bits are not set (k>tock22D). and the time 
over condition does not yet exist (trtock 219); the meas- 
uredimpedance used to deleimir>e if coagulation is com- 
plete as foUows. 

The Z rwlial flag ts set durlrig the firSt iteration and 
is initially assigned the nneasured impedance value 
(btocks 223-225). Initialy. Z,«i,» is the same as the meas- 
ured impedance and thus btock 227 is bypassed at btock 
226 A cakrulalion is nnade of 1^:„^) {btock528). As tong 
aa the nrieasured irnpedarKre is leM than me f (Z^). the 

•equence is iterated <229. 1^31) In the neact ieraton of 
blocks 223-231 . the rwwiy measured mipedance is com- 
pared to ihe previous measured irnpedarwe lA^ich has 
been assigned (block 226). As long as the wnped- 
encm o decreasng. 2^ wiii be reassigned me new val- 
ue of thameasurad trripedma (triocks 226 and 227) and 
the stepe repaatedL When the measured impedance is 

OfMlar than or mu*I to UZ^^y. i • ihr««**oirt mw wfti- 



ance. the coagulatton complete flag is set (btock 230) It 
coagulation complete flag is set, the RF is lurrted off 
(block 232) the hardware lailure check is run. 

If after the initial run throu^ the program a hardware 
5 tarture alert occurs (btock 233. 236) or an interrupt oc- 
ctffs. the program deteimras the cause and irxiicates 
as such (btocks 233-242). The V^, and 1^, are read, 
(block 235) If rK>curranl. or voltage is being delivered to 
me system, tfie controller checks to see II the open cir- 
lo curt, short circu4 or tirite over ftags have been set (kstock 
237). If so then a signal indicates vtAwch ftags hvve been 
set. tf>d the program is returned lo start (blocks 240. 
242). Similarly, the controter checks lor the coagulation 
complete flag (block 239). U there wae the coagulation 
IS conv*»te flag hars been set it wW l>e indicated for ten 
secorKfs (block241). if not, it wHIba indkiated as rKvl com- 
plete (btock 240) and the program Witt return to point at 
tr^ start (btock 242). Prefarabty the electrical compo- 
nerrts satectad to ^riy but the steps of Figs. 6-9 are 
^ adapted to provki^ si icompletis iteration ol al the steps 
at least every 1/SO second. 

Referring now tb Figs. 1-S there is iflustrated an in- 
6tnm>ent to be used in con)unctton wim the impedance 
feedback device d the preeant invention. An endoscope 
2S linear cutting and stapling inctrumsnt 10 is ^d**m having 
a housng 1 6 coupled lo a shaft 30 with a l^rib^ 
ing theramrough and an end elf ector i 5 e^»ndk»g f rom 
the distal end of the shaft 30. The end eH^lor 15 com- 
prises flrst and second elemanta whkm are odnprlsed of 
30 tfuerlac»ig}awfheriribers52.34.aa(wrf^^ 

ably secured to jaw member 34. Tha hbtisiritg 16 has a 
clamping trigger 1 2 lor ctoamg ia w marnb eis 32. 34. Jaw 
rnembers 3^ 34 are shoiwn m an unctarriped position in 
Fig. 2. *« a'ctoiTV>ed position prior to instrurhertt firing in 
3S Fig. 3. and in a ctamped positton after instrumert firing 
in Fig 4: 

Jaw marnber 32 comprises an anvM 18. U-shaped 
etoctrode 39 extendrig atong the length d the jaw 32. 
and a l>«h^>ed insutatihg material 31 surrdundvig ms 
40 ouisKto of the electrode 3Sl Jaw rnemtoer 32 has an inner 
surface 33 which fades an inher surface 35 oi jaw rrwn- 
ber 34. The U-shaped electrode 39 comprises two elec- 
irically co mm u nicating electrode bars 27. 28 formir»g a 
first pole mvd tocaied on and extendtog sUwtantiaHy 
*5 «ior»g the tengm of the iriner surfaca 33. The U-shaped 
♦lecirode 39 IS corir^>rised of a conductor, such as. alu- 
ffw%um or surgtoal grade stainless steel- The bars 27. 28 
are separated by a knife channel 29 exlerw«ng tongitu- 
dinaBy throu^ the mkkNe of the electrode 39. Pockets 
so 36 located on «wil 18 for receiving staple ends are lo- 
cated along the inrter surf aca 33. lateral to and outskls 
of bars 27. 28. The electrode bars 27, 2Ci and insulating 
masertal 31 fotm a ridge S6 exiendirig out retelive to an 
anvH portion 37 of me inr*er surface 33 (Fig. 5). The etoc- 
ss vode 39 acts as a first pole o< a t>ipolar system. The anvtt 

1 8 is towncd of an aiectricaty conduct^* material and 
acu as a second pole ol the bipolar system. elsctricaiV 

- M>r;-^ 
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laled trom the alactrodoft by th« U-ahaped insulating ma- 
tana) 31 . 

Btpotar anorgy may ba aupptiad to lha and enactor 
15 rrom etactrouNrgical ganenHor 40 (fig. 10) through 
wirasl9,20axtarKj^irMthabody 16otthainstrurnant s 
TTia genafBSor 40 ift^isar corttroied by way of awiich 42 
(fig. 10). Wka 19 piDVidM atoctrkal cwrant to tha elac- 
troda 39 through atactrical contact nnearts axtendmg 
through than 30. W«ra 20 carnat a curf ant to tha anvil 
18 and is couyktad to tha anvd 18 through an atactrical 
oohtact maana axtanding through lha ahafl 30. Tha alac- 
trol ctfcuil ia cloaad >Mhan arid only ^ clarnping . 
tngg^r 12 1» doaad. A maarm of connactir>g tha wa to 
tha con^asponding aladroda as watt as iruEtriMnant actu- 
ation maana afa daacnbad in paraot *'pf?**^^**^ S.N. 
Oa^0d5.797. incorpocatad hairain by raiercnca. 

Jaw marrtbar 34 oonipnsai a cartndga channal 22 
and a canhdga 23 ihiahad infto tha cartridga channal 22. 
Tha cartndga 23 Includ^ 

chanrial 2ft'axtaniftogrldhg4t^^ cantar^ 
d tha caithdga 23. a aanaa of drivara 24 axlandirtg into 
tt)a track 25 arid ataplaa 17 anarigad in two aats of par- 
attal double rows. Whari tlsaua Js' angagad betwaan 
ctarrpad iaw mambora' 3^. 34..'a firing thggar; 14 locatad 
on housing 16 may: bf actuated to adv a rtca a cutting at- 
ofnam 11 through tha: anga ga d tkaoa to cU tha tissua.. 
Siniunariaousty^ iMhariVff^ hnng tnggar;14 ia actuated;. , 
tha wadj^a 13 is advanced mibbghtf^ causing 
tha drhfars to 24 to djsptece to>i| wids the staples 17. 
tharaby dTMng tha stapies 1 7 tfiidugh tisstia artd into an- 
vil pockets 36. 

In dparaftidn; the arid M 
kxatad at a tiMue itta Where tisijuMi is to be treated. Tha 
jaw nwnbef s 32. 34' are opened and tissue is than 
ptacad l>atwaan the mteitacing inner surtocaa 35. 33 ra- 
spectivefy of pftw fTMrf«>M 32; ^ ifhe c larnpa ^g trigger 
12 is squaaiad to cause tha iaMfmambars.32. 34 to doea 
to locate and oompreaa ttsaue betweerithe intairtacir>g 
inner surfaces 33, 36. The cioaure of 9>e clampv>g trigger 
'12 also cbses the electrical circuit Vy/hen the tissue has 
been appfopriatafy situated between the faw members 
32. 34. a user may apply RF er jergy f rorh the generator 
40 usmg a user acthmied switch 42. Current flows 
thfough the oompressed (issue t>et«fiMMn the elactroda 
39. i.a.. the bars 27. 28. and the anvi ia 

After the RF energy is turned off , the corMMar indi- 
cates me instrument status. e.g.. open circuii, short or- 
cuk. coegutation complete, time ever. If Ota eoagUtation 
oompfata status IS ir«dicated. the firing trigger 1 4 rnay l>a 
actuated to adimnce cutlv>g element 11 through kntfa 
channels 2iB. 29 to cU engaged ttsaue between the bars 
27. 26 where the tissue has been cauterized. Stmuttar>a- 
ously. tha firing trigger 14 ad^wicea the wedge 13 
through track 25 to ac*«nce drk^ers 24 to tire simples 1 7 
ttuough tissue and into pockets 36 of the anvtt 18. TIkus. 
the cut line is lateral to the eoagulabon ir»es fcxmed by 
the bar elactrodes 27. 28 and staples 17 are applied m«o 
tongmidtr^aay double rows or% each side of «te cuttir^ el- 



emant 11 as the cutlv>g elamant 11 cuts the tisaue. 

The invention descnt>ed arKi tha specslic detads and 
tha mar«rw in which a may be carried out havktg bean 
examplifted it wtH be readPy apparent to those aktled in 
the art that innumerable verietiorts. modTtcations. and 
exterttions of the basic prv>ciples involvad may be made 
without dopartvtg from the spirit and scope of the preaent 
invention. The impactece feedback system as de- 
scribed above is used to indicata whan auffictent cataer* 
izatkm has occurred. .When coagutalion is cornptetSi a 
signal may t>e provided by a oonboBar to a user, or a 
L i u i mm ia t rnay auiomtticaay ttmoff the RP ermrgy. Oth- 
er signals may be piovided loan initiuinent ueeraawel. 
For aocarnplea torMoormspondingtothameaauredlrn- 
. padarM may be pro¥l da d>to'a user to audibly monitor 
. tha change in impedance. 

n is also irtterKted thtf this <doviceart^or rriethcxJ ^ 
used %yith.nurr>erous.typae of aWir trrm urpi. al inetniments 
indudng monopolar, bipolar aridmmilpplar conAgwa- 
boris; Th»irn pa d ai« a l ee c |ba ck systerft^^^ irtctudad^ 
in part or in whole with ,tha actual instrument, as a sep- 
arate tvvi.arKttor with the . er>ergy; source or ger%eralor. 

. I^- . A control device compr^bi^' . 

. iriipedaricerneafiurerfieftf circuitry adapted to^^ ^ 
" k>e coui^d -to ji>ttfaTf)0fiMtctfng'!e i yw*'5!<i' W ' i^Moci* 
ated w^ a tiMtJMraaiingc^poirti^ surgleal 
ffistrument and to an ertergy source adapted to sup* 
py lherapiBiutlcalectreaurgicai.eneigy t^^ 
tibdst:and 

an energy corttrofeignafadaplM to conlfolRF 
enaryy. suppKed frorn sakl ertargy so 

wherein sakl ijrnpedanca 'maaauvMnant cir- 
cuit ia adapted: 

; tt>^me«uire 9ta impedarice of tissue er^ 
by raM tissue^raalir^portion of swdeurgicai kietru- 
ment^ , '. 

toda t ar mi ne a mir^imum impedytce vakie; 

to dalenmine a target impedance vakio a 
furiction of sakf rnMrvtum impedarice vahie; 

to compere meaaured impedance vak<es to 
saki target Impedance vakie: and 

lo after sakl.er%ergy control signal when saU 
measured impedanee vakie aaceads sakt targat 
impedance ^«kie. 

2. The control device of claim 1. wherein sakf imped- 
arwe rneasiihrig ckniSry iricfudas: 

a first devM:e lor delerrrarang the minenum 
impedance uatuec 

aaeeond device coupled to said ifirttdevicetor 
determining the twgai impedance valua aa a func- 
tion ol sakf rrunirnum knpedarice vatuec afKl 
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anco vaiufts to said target impadance value aoo for 
generating a signal ndicatkng whether said meas- 
ured impedance value exceeds saKJ target irrtped- 
ar>ce value: 

A control device adapted to coupled to an energy 
source lor providing eteclroeurgicat energy to tissue 
to be ueated. the control device compnsvtg: 

a firar input for receiving at laast one ol a first 
signal reprasentmhw of vbK«U9r deMviired frcvn said 
energy source to said tissue and a second signal 
representative of currerri delivered frorri said er>efgy 
source to said tissue: 

a second tnpu for receiving a third signal rep- 
resentative of a target impedance for tissue on 
the energy source, deternnried from th«f first and 
second signals: and 

a function fitting device for providng a fourth 
signal represamative d desired er)^% outpiii 
according to a system load curve. tt>e fourth signal 
corresponding to desired Energy output for the tar- 
oat load iitipedarice represented tiy 'the thtid signal: 

wherein said control device is ad^>led to: 

control energy output by the energy source 
based on the tfwd signal representative of the load « 9. 
vnpedor>ce: and 

corlrol the energy source to brir>g etediosur- 
gicat ttiergy dtflivered by the energy source to thi 
target «vtEhln a range of desired er^er^^ output based 
on said system load curvb. jo 



trodes adapted to contact tissue lo be treated antS 
lo cause electiosurgical energy to be conducted 
between said electrodes through said tissue: ar^d 

a control device according to any one of claims 
1 to 5. 

wherein tfie control device is adapted to con- 
irol the output of said elecirosurgical er^ergy 
between said electrodes. 

e. An electrosurgicat device for traating tissue durvig 
an electiQSUfgical procadura. the etactrosurgKat 
device comprisir>g: 

electricaly tsdaM fintt and second elec- 
trodM adafAed to contract tissue to be treated and 
to causa eledrostirgical anergy to be conducted 
between Md electrodes through eaid tissue: 

an elec^osurgicaf energy souKM toe piovid«>g 
said electrosurgidd energy to said electrodes; and 
a conin>» deifice jpccofding to any one of ciairns 
"1 toS. . 

wherein said conM device is arranged to con- 
trol the output from said electrosurgical energy 
source to said electrodes. 



the electrdsurgieal device of claim 7 or 8. wherem 
said first elec^ipde is located on one of a first and a 
second element and wfmin said first and second 
elements are movable relative to each other lor 
engagir^ tissue therebetween. 



The cdmrol d»vbe of claim 3 which includes a com- 
parison device for comparing sakJ fourth signal, rep- 
resehtatlt^ of desired energy output, to at least one 
d said first and second signals, said comparison J* 11. 
device being adapted to provide a control signal tor 
-controtting said wtbtgf courc*. 

cThe control device of claim < wfrterem said control, 
signal represents a difference between said fourth 

signal and said at least one of said first and second 
signals. 

A ger)eraior for providing electrosurgical energy lo 
an electrosurgical devce! said generator ccnipris- ^ 

ing: ^ ■ - ■ ^ 

an electrosurgical energy source lor providing 
electroeurgica! energy to said electrosurgical 
device; ar>d 

a cor^trol device according to any orw of claims so 
itoS. 

^^A^terein me control device tt arranged to con- 
trol the output of satd energy source. 

An electrosurgical device tor treating tissue dunr>g 55 
a surgical procedure, the electrosurgical device 
comprising: 

electrically isolated first and second elec- 



10. The electrpsur^ device cf davn 9. wherein said 
second electinbde isj^^ 
first and secortd eiements. . 



The electibeurvcal device 43f daim d. wherevi: 

said . first and second elements each 
prises an interfacing surface for ertgagirtg tissue to 
be electiosurgilcally ireaiedi 

said fim and secortd electrodes each com- 
prises one or more electrode elements located <yt 
satd ir^ertadng surfaces: and 

said first and second electrode eiemenu are 
offset from one another with respect to said Interfac- 
ing surfaces. 
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